ABSTRACT In an electrical power network linear and non-linear models are used for directional overcurrent relay (DOCR) coordination issue by applying different heuristic techniques. Nature inspired algorithms (NIA) have found great interest in power system optimization issues. This paper proposes the recently developed meta-heuristic technique known as Firefly Algorithm (FA) that mimics the flashing behavior of fireflies. The implementation of the proposed algorithm has been utilized to solve the coordination of DOCR problems. The main aim of this paper is to find out the optimum values of the Time Dial Setting (TDS) to minimize the relay operating time. The modifications to original FA has been implemented in this paper to solve the DOCR coordination issues. Self-adaptive weight and experience-based learning strategy are added in the original FA, named as improved firefly algorithm (IFA). In IFA, a self-adaptive weight is presented to change the propensity of moving the best solution and ignoring the worst solution. In addition, an experiencebased learning system is created and utilized arbitrarily to keep up the populace-assorted variety and improve the exploration capacity. The IFA has been tested on IEEE 6 and 30-bus systems and tested on IEEE 9-bus system for numerical DOCRs and the results had been compared with results of Whale optimization algorithm to validate the performance of IFA in case of numerical DOCR. The obtained results show that the IFA provides efficient and promising results compared to other meta-heuristic techniques mentioned in the literature. The IFA has been successfully implemented on MATLAB software programming.
I. INTRODUCTION
Recently power system is growing day by day which makes some unwanted and security threat to power system engineers. To overcome this security threat a precise and reliable system is of high importance to transfer the real power continuously without any delay and interruption. To design such system we need a fast relaying strategies composed of protective devices. More recently, directional over current relays are evolved as a primary counter agent to deal with such security threats. The proper coordination of the DOCRs over-
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come the power outages and isolate the fault in minimum period of time and keep the system secure and trust worthy. A fitly coordinated protection arrangement is among the essential requirements to operate a power system with highest reliability. In order to carry out the power system safe and reliable zero fault should occur during its operation. The aim for optimal coordination of directional overcurrent relays (DOCR) is to objectify the optimal settings of all the relays working in the system. The coordination of DOCR's is to vanish the Mal-function of the relays. The conditions that happen amid mal-function are faults. So forth the blackouts will prompt interference of supply and can harm the gadgets associated with an electrical power system. So as to dispose these variations from the norm there shows up the significance of keeping up a dependable defensive power network. For keeping up the secure and solid protection, there ought to be downstream or upstream assurance if the upstream protection scheme falls flat. Directional overcurrent relays have been used for the essential or optional assurance of intensity framework. This will possibly lead into reality if and only if the principle line of defense got some issues or if the primary security conspire fizzles. DOCRs work after a period delay called as coordination time deferral or coordination time interim (CTI), giving a completion for the fundamental/essential plan to work. DOCRs are an economic option and are simple to apply for the wellbeing of the attached sub transmission power systems and secondary layer of backup protection in transmission framework [1] . In previous years trial and error approach had been applied by power system engineers for optimal relay settings that is a time consuming process. In [2] the application of linear programming was utilized by the researchers to tackle with the relay coordination problem. In [3] the optimal coordination of directional overcurrent relays in interconnected power systems. A review on relay coordination had been taken out by the researchers [4] . A random search method in [5] was used for the optimal relay settings. In [6] , the modified electromagnetic field optimizer was implemented to see the behavior on DOCR. In [7] - [11] the different applications of genetic algorithm had been applied for the relay coordination convergence characteristics. In [12] grey wolf optimizer was used for accurate coordination of DOCR. In [13] - [19] various applications of particle swarm optimization had also been utilized to get the minimum relay coordination. In [20] , the application root tree optimization is utilized to tackle with the directional overcurrent relay issues. In [21] the relay coordination problem is solved using different metaheuristic techniques. In [22] , Coordination of directional overcurrent relays using opposition based chaotic differential evolution algorithm has been explained. In [23] relays using modified differential evolution algorithms has been solved. The hybridized symbiotic organism search algorithm for the optimal operation of directional overcurrent relays was utilized in research by [24] . A robust optimization methodology had been utilized for the protection of security of smaller scale frameworks utilizing chip-based relays [25] . In [26] a new approach for optimal coordination of distance and directional over-current relays using multiple embedded crossover PSO. Reference [27] planned a protection plot for a distribution system taking into account the numerous modes of operation. In reference [28] , adaptive protection coordination scheme using numerical directional overcurrent relays. In [29] - [36] Optimal Coordination of DOCRs had been implemented Using different optimizers. In [37] the problem of DOCRs in a power system is handled with the firefly algorithm (FA). In [38] invasive weed optimizer had been used for the DOCR problem. In [39] , a modification to teaching learning based optimizer (TLBO) was implemented for DOCR problem. In [40] , the biogeography-based optimizer (BBO) was used for the DOCR issue.
Firefly algorithm is a recently developed nature-inspired optimization technique based on the flashing behavior of the fireflies. This paper proposes improved firefly optimization (IFA) methodology that can accomplish the ideal coordination of directional overcurrent relays. The implementation of the improved firefly optimizer utilized to test for IEEE 6 and 30-bus system and implemented on IEEE 9-bus system for numerical DOCRs considering MATLAB programming software. Figure 1 portrays the outline for the coordination of DOCRs in an electrical power network. The optimum coordination of DOCRs goals to decline the operational time of the relays improving to minimize the faults in the primary zone of protection and however if primary zone of protection fails then the second zone of protection like backup relays take the responsibility within the coordination constrains. The objective function for the proposed algorithm is written as:
II. COORDINATION PROBLEM FORMULATION
TDS ij denotes the operational time of the primary relay for a fault at zone j. The objective function of DOCR coordination problems is to minimize the totality of operational time of relays connected to the power network, associated with the constraints explained as below [16] .
A. COORDINATION CRITERIA
In an electrical protection scheme i.e., the main and the backup protection pattern needs simultaneously coordinated by coordination time interval (CTI). The CTI for the electromechanically relays has been assigned as 0.3 to 0.4s and for digital or microprocessor based relays is 0.1 to 0.2s. The proceedings can be written as
where, Tb: the backup relay operating time Tp: the primary (or main) relay operating time.
B. OPERATIONAL CHARACTERISTICS OF THE RELAY
The performance of OCR (over current relay) defined as the curve of T versus M, where M stands for multiple of pickup current and defined as the ratio of relay current 'I R ' to the pickup current 'I P '.
From maker perspective, they give current-time curves to portray the working of the electromechanical relays. The inverse OCR attributes has been spoken to by the accompanying equations in this article [14] .
where,
where 
C. RELAY SETTING BOUNDS
The DOCR coordination procedure can streamline the TDS minimization. The constraints connected in this investigation permit ceaseless time dial settings. The limitations are.
Mathematically the above footings can be written as
T ij primary is the operating time of primary relay j for a fault i subject to following constraints
S j min ≤ S j ≤ S j max (Bounds on relay settings) (12) where, L(T ) is the coordination criteria represented by (1); S is the set of feasible settings used in TDS; g(S) is the relay characteristics shown by (4) and (5). In order to obtain the values of TDS, equation 5 is reduced to
The issue is limited to linear problem. For this situation, the issue is settled as the linear one, so as to take care of the issue without contemplating as linear one. In this manner, the relating TDS qualities can be found by finding the underlying foundations of the polynomial as in equation (6) by utilizing the ideal estimations of PTDS determined.
III. FIREFLY ALGORITHM
Firefly algorithm (FA) nature-inspired optimization technique used for evaluating the complex and highly nonlinear constrained issues and FA is not implemented for optimization of DOCR settings using IEEE 30-bus systems till date presented in this article. FA has been implemented in this paper to solve the problem of DOCR settings and the simulated results are compared with other optimization techniques. Yang [41] , introduced the firefly algorithm first and it simulates the flashing mechanism of fireflies. For the application of the prescribed idea, the following predictions are assumed [42] . The gender of all the fireflies are same. The attraction to brighter fireflies attract more than the lesser brightness. With the increase in distance the attraction among the fireflies will decline. The fireflies will move randomly if either of the fireflies shows brightness. Figure 2 shows the arrangement of fireflies. 
A. SELF-ADAPTIVE WEIGHT
In the flashing mechanism of FA, it is normal that the fireflies must reach to the promising territory of flashing, and afterwards, the local search in promising area must be implemented to filter the quality of fireflies. To get rid of this, a weight displayed in Eq. (15) is acquainted with alter the level of moving toward the more splendor of the fireflies.
where f(xbest) and f(xworst) are the objective function outcomes of the brighter firefly and lesser firefly. As seen in the Eq. (15) the presented weight is self-adaptive and slightly improves its value, since the distinction of capacity values between the best and worst solutions is getting to be littler as the flashing mechanism. The weight w is resolved naturally, and in this manner no extra parameter should be tuned is presented.
B. EXPERIENCE-BASED LEARNING STRATEGY
In FA optimizer, the firefly flashing phenomena is refreshed by taking the best solution and worst solution simultaneously, this technique can improve the convergence rate and enhances the exploitation ability of the algorithm. Moreover, the flashing diversity and the exploration ability of the algorithm may be disintegrated with the brief convergence rate. Hence, a learning strategy based on the experience of other solutions is developed to improve the flashing mechanism and thus increase the exploration ability. To be explicit, other two individual's x k and x l are randomly selected from the population, at that point the potential search direction controlled by them is used to refresh the present individual xi, as appeared in Eq. (16) .
where x k j , and x l j , are the outcomes of the j th variable for the k and l individuals (k = l = i), respectively. 'rand' is a random value in between [0, 1]. So as to adjust the exploration and exploitation abilities of flashing process, the above experience-based learning strategy Eq. (16) and the introduced weight Eq. (15) are employed randomly for each firefly in this study. 
IV. RESULTS AND DISCUSSION
The Firefly (FA) and improved firefly algorithm (IFA) has been implemented using MATALB software for IEEE 6 and 30-bus system respectively and explained in the next section. The IEEE 9-bus system has been tested for numerical DOCRs using proposed algorithm and result is further validated using a nature inspired whale optimization algorithm just in case of Numerical DOCRs. The result obtained for numerical DOCRs by the proposed algorithm has been compared with WOA and other optimization techniques.
A. IEEE 6-BUS SYSTEM At the close end of each relay (close in faults) three phase faults are connected. Table 1 shows the primary/backup relay (P/B) relay pairs and the close in fault currents. The pickup tabs and the CT ratios of the relays as presented in Table 2 . Table 3 and Table 4 respectively show the coefficients of the equations (6) and (7) . The transient variations in the system topology have not been considered and a CTI of 0.2 is accepted.
The TDS values after getting from the simulation results has been depicted in table 5. Table 5 shows the optimized values of TDS obtained from firefly optimization simulation and on comparing with other techniques, it shows that the results have been optimized to the minimum. This table also shows the effectiveness and efficiency of the proposed algorithm for the 6-bus system. 
B. IEEE 30-BUS SYSTEM
The second case study implemented is IEEE 30-bus system that consists of 76 overcurrent relays as shown in figure 5 [36] . The streamlined TDS values are appeared table 6 and the result has been compared with the literature. Table 6 demonstrates the optimized TDS estimations of 30-bus system and the results had been compared with the literature. This demonstrates the legitimacy of the proposed optimizer in relays coordination. Figure 3 and 5 shows the graphical representation of optimized TDS values with the literature for IEEE 6 and 30-bus system respectively. The graphical representations shows that the time dial settings had been optimized to the minimum. Table 7 is the comparative analysis of the objective function (OF) values and from the table the OF values shows that the IFA has improved results. Figure 7 shows the graphical representation of the optimized total operating time in seconds for the proposed IFA with the literature.
C. COORDINATION SCHEME USING NUMERICAL DIRECTIONAL RELAYS IEEE 9-BUS SYSTEM.
The third case study used in the proposed algorithm for relay coordination employing numerical relays is IEEE 9-bus system [28] . This test case has also been implemented for whale optimization algorithm (WOA). The WOA is a nature inspired meta-heuristic optimizer that uses the social behavior of humpback whales by utilizing the bubblenet mechanism [43] . The populace is 30 whales with maximum 500 iterations have been utilized in this algorithm. The IEEE 9-bus system is associated with 24 numerical DOCRs, 9 buses, 12 lines and is having a generator attached at bus 1 shown in Fig 8. In this system, there are 56 combinations of primary-backup relay pairs among 24 numerical DOCRs [40] shown in table 8. The upper and lower range of time dial settings (TDS) are between 0.1 to 1.1 and respectively for plug setting (PS) from 0.5 to 2.0. Table 9 shows the optimized TDS values for numerical DOCRs and the results shows that the IFA achieves minimum values as compared to the whale optimization algorithm. Table 10 illustrates the comparative analysis for obtained objective function with the other techniques mentioned in the literature. Figure 9 shows the graphical representation of the objective function values.
V. CONCLUSION
The work presented in this article shows the optimal coordination of directional overcurrent relay (DOCR) considering improved firefly algorithm (IFA). In IFA, a self-adaptive weight is presented to get the best solution and removing the worst solution during the course of simulation procedure. In an electrical power network the problem of relay coordination is hard with many constraints. The coordination of DOCRs needs suitable and robust techniques to trace out the main issue. In this work the goal to be achieved was to minimal the time dial setting (TDS) of the relays implemented successfully on IEEE 6 and 30-bus system. The proposed algorithm has also been test for IEEE 9-bus system for numerical DOCRs and using WOA for this test case.
The results in table 9 shows that the IFA with WOA proves better for the problem formulation. The obtained results had been compared with the other algorithms depicted in the references. The results obtained shows that the proposed algorithm is efficient and robust as compared with the other techniques.
In future, the optimizer can be enhanced to tackle directional overcurrent relay issues of complicated and higher buses power systems and will be tested on dual setting relays. The complicated cases will cover clashing objective functions of electrical network that might be coordinated with the environmentally friendly power vitality sources and FACTS devices.
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